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ABSTRACT 
A thin parallel-plate gradient index prism was produced by allowing 
an index modifier, KN03, to diffuse into a vertical column of clear hard-
ening resin sandwiched between two thin plates of glass SOmm on a side. 
The hardening time of the resin was prolonged by using a smaller amount 
of hardener than was customary. This allowed for a period of three weeks 
time in which the potassium nitrate had to diffuse across the resin. 
At the end of the three week period a permanent gradient index prism 
was produced in which modifications in the refractive index of 0.015 and 
prismatic effects of 0.22 centrads were obtained across the prism. The 
refractive index and prismatic effects were highest nearest the potassium 
salt and decreased as the distance from the salt increased. 
A unique use was also explored for the AO radiuscope; determining 
gradient refractive indices. 
INTRODOCTION 
FABRICATION OF PARALLEL-PLATE 
GRADIENT REFRACTIVE INDEX PRISMS 
1 
· Gradient-index optics, commonly known as GRIN optics, is the optics 
of the future. In conventional optics the refractive index is constant 
throughout various optical components, in GRIN optics the index of re-
fraction varies. This additional variable may·be utilized to produce 
various optical designs not possible in customary optics. Utilization 
of gradient indices in the future will allow production of thin spect-
acle corrections for the high ametrope and the aphake, spherically shaped 
aspheric lenses, replacing multi-element lens systems with fewer lenses, 
and much more. 
Early work with GRIN lenses was done by Robert Wood in 1905. He 
produced his gradient refractive index by allowing water to ·diffuse into 
a cylindrical column of glycerol and gelatin. The water replaced part 
of the glycerol and produced the refractive gradient. This diffusion 
process cannot be stopped however an'd as -gelatin is not permanent neither 
are these type of GRIN lenses. It is the purpose here to produce a gra-
dient index prism which will be of a permanent nature. 
PRINCIPLES OF GRIN OPTICS 
Refraction of light with' GRIN optics does not have to involve curved 
surfaces. Refraction of light may be obtained by a gradient index alone. 
To see how this works let us look at fig. 1. 
FIG. 1 
Imagine a parallel beam of light, such as that from a laser, inci-
dent on a vertical column of a medium whose refractive index increases 
from top to bottom. As the wavefronts impinge on the gradient medium 
the upper end of the wavefront will encounter a refractive index which 
is less than the refractive index at the lower end of the wavefront. 
Since light travels slower in higher refractive indices the upper por-
tion of the wavefront will travel at a faster rate then the lower por-
tion. This causes the laser beam to move along a curvilinear path with 
the upper section of the beam .traveling along a longer radius than the 
lower section. 
Calculations for deriving an equation to determine the radius of 
curvature of the beam are complex and may be found in Introduction to 
Classical and Modern Optics by Jurgen R. Meyer-Arendt. Of main concern 
is the equation itself which isr 
R = n 
cn/~y (equation 1) 
2 
Wheret 
R = radius of curvature. 
n = the average index between two points 
along the gradient medium (such as between 
the upper and lower edge of the beam). 
dn = the difference in refractive index 
between the two points. 
0 y = the distance between the two points. 
In studying GRIN prisms it would also be helpful to be able to cal-
culate the angle of deviation. Derivation of such an equation also ap-
pears in Meyer-Arendt's text. Again, we are not as concerned with the 
derivation as with the equation itself which appears ast 
Where a 
(equation 2) 
by = angle of deviation in radians. 
n = same as above. 
~ n = same as above. 
o y = same as above. 
L = thickness . of, gradient medium (length 
of path) • .. 
PREPARATION OF GRIN PRISMS 
Two pieces of glass, measuring SOmm square by 2.0Smm thick, were 
separated by cementing 3mm square lengths of balsa wood between them. 
(Although not used in the prism concerned in this paper, it was found 
in subsequent tests that a silicone seal glue was best as it did not 
have a tendency to leach into the media discussed later. Hard woods 
worked better also as they tended not to leak as did the balsa wood). 
The wood strips were placed such that, with the two glass plates standing 
upright on edges, one strip was cemented between the bottom edges of 
4 
the plates and two others were placed between the vertical edges of the 
plates. This produced two uniformly separated plates sealed at the edges 
on three sides with an opening at the fourth. 
The cemented plates were oriented standing on edge with the opening 
upward. A small amount of potassium nitrate (a diuretic commonly known 
as saltpeter which may be obtained from any pharmacy) was placed between 
the plates such that it formed a layer approximately 2mm in thickness 
along the bottom of the square cross-sectional volume formed between 
the two plates. This layer should be tamped down to provide a level 
uniform surface. With the opening still upward a solution of EnviroTex 
Polymer Coating (available at most arts and craft centers for use in 
decoupage) was poured into the gap between the two plates until the space 
was totally filled. The plates were set aside and left undisturbed for 
a period of 3 weeks to allow the EnviroTex medium to harden. 
The prolonged hardening time of the medium was achieved by utilizing 
a mixture of 1 part hardener to 4 parts resin instead of the lal mixture 
used for ordinary purposes. (Mixtures of less than 114 were tried but 
too many bubb1.es formed which did not escape before the re.sin began to 
solidify). It was predicted that this extended hardening time would 
be sufficiently long enough to allow the KN03 to diffuse into the EnviroTex 
medium producing a change in the refractive index of the resin as it did. 
This should produce a gradient having a higher refractive index at places 
closer to the salt than those farther from the salt. The gradient should 
be preserved when the mediUm finally hardens producing a GRIN prism having 
its base along the edge with the potassium salt. 
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MEASUREMENTS 
We were primarily concerned with measuring two parameters of the 
finished GRIN prism; any prismatic effects and the gradient of the re-
fractive index across the prism, conunonly known as the gradient "profile ... 
Measuring the prismatic effects was fairly straight forward. First, 
a grid was etched on the face of one of the glass plates using a hydro-
fluoric etching creme to provide reference points in measuring the prism. 
Vertical lines were etched every 4rnrn across the plate while horizontal 
lines were etched every 3mrn up and down the face of the prism. This 
produced a series of 3x4mrn areas to be used as reference points (see 
fig. 2). The rows of these reference points were labeled A thru L with A 
·. 
FIG. 2 
being the row of reference points nearest the KN03• The vertical col-
umns of reference points were numbered 1 thru 11 from left to right. 
Thus, the reference point Al would be the one in the lower left-hand 
corner of the prism above the potassium salt. 
The prism was then placed in a moveable holder at a distance of 10 
meters from a screen. A helium-neon laser ~as placed a short distance 
from the prism such that the prism lay between the laser and the screen 
(see fig. 3). The laser was then directed thru reference point Al and 
the point illuminated on the screen by the laser was noted. The prism 
was then moved so that the laser shown successively thru points Bl thru 
Ll. The deviation of the laser beam from its initial position (in mm) 
was noted for each of these points. This same procedure was followed 
for each of the remaining columns 2 thru 11. 
FIG. 3 
The values obtained were converted to centrads by first converting 
them to centimeters and then dividing by the 10 meter distance used. 
Values for each of the rows were summed and averaged. The average val-
ues ~re plotted in graphical form showing the average prismatic devi-
ation from the baseline (row A) as per millimeter from the baseline (see 
fig. 4). 
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FIG. 4 
Measuring the gradient index profile vertically along the prism 
was not as simple as measuring its prismatic effects. To accomplish 
this a radiuseope was utilized, an instrument not designed for this pur-
pose at all. However, it seemed to work quite well. 
It is known from geometrical optics that if one looks at a fish 
i:n the water from directly above, the fish appears closer to the observer 
than it actually is. This is due to the refraction that occurs at the 
air-water interface. The same effect occurs if a piece of glass is placed 
over some newsprint. If one focuses on some newsprint with a microscope 
and then places a piece of glass over the print, it is found that now 
the microscope ~Jst be refocused by racking the objective upward. The 
distance the print appears below the glass (equal to the thickness of 
the glass minus the amount the microscope is moved) is known optically 
as the reduced distance (L'). Reduced distance is directly related to 
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the thickness (L) of the plate and inversely proportional to its refract-
ive index. Thus, the equation for reduced distance as it appears in 
Introduction to Classical and Modern Optics is as followsa 
L L' =-
n 
{equation 3) 
Therefore, by knowing the thickness and the reduced distances one can 
calculate the refractive indices. 
This same principle was applied to the AO radiuscope which is really 
just a microscope of sorts used to measure curvatures of contact lenses. 
The AO radiuscope has the added advantage of an accurate microscope scale 
(allowing readings down to hundredths of millimeters) which can be used 
to help measure the reduced distances. Another advantage is that for 
every millimeter change on the scale the microscope moves up or down 
by the same amount. 
To measure the gradient refractive index of the prism a contact 
lens of average radius was first placed on the stage of the radiuscope. 
This provided a sharp focus to enable accurate readings from the scale. 
_No floating solution was used so that the contact lens would stay the 
same distance from the objective at al~ times. This eliminates the need 
for constant zeroing of the instrument. A steady stage for setting the 
prism on was made to fit over the contact lens so as not to disturb it. 
This insured that the prism was at the same height above the contact 
lens at all (seefig. 5). 
With the contact lens and the new stage in place two pieces of glass, 
of the same type and thickness as the prism, were placed over the contact 
lens. A reading was taken and noted (8.94). The plates were removed 
and the prism was set on the stage such that the radiuscope beam went 
FIG. 5 
Radiuscope With Modified Base 
And View Thru Eyepiece 
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thru reference point Al of the prism. Again, the reading was noted (10.12). 
The difference of these two readings was due solely to the thickness 
and index of refraction of the gradient medium as the first reading at-
ready took into account the thickness of the two plates of the prism. 
The thickness of the medium was measured and found to be 3.20rnm 
(the thickness of the prism minus that of two plates of glass). Thus, 
if the medium was 3.20mm thick and the microscope was raised 1.18mm 
(10.12 - 8.94) then the reduced distance must have been 2.02mm (3.20 -
1.18) and from equation 3a 
n=!! 
L' 
n = 
3
•
20 
= 1.584 2.02 
Thus, the index of refraction at point A1 was about 1.58 (which seems 
logical since similar calculations showed the glass plates to have an 
index of refraction of 1.54). 
Radiuscope readings were taken for all other reference points and 
similar calculations were made to determine the refractive indices at 
10 
each point. The values of each row were averaged and the findings plotted 
in graphical form, in terms of refractive index change per millimeter 
from the baseline (see fig. 6). (NOTEa three readings at each reference 
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point had to be taken to obtain a plot which was fairly smooth. This 
was due to the fact that the refractive index gradient was so small). 
RESULTS 
It was found that the difference in prismatic effect between the 
base and 30mm above the base of the prism was 0.22 centrads. The pris-
matic change for the first 12mm seemed to be linear as might be expected 
if the diffusion of the salt were linear. After this point the change 
in prismatic effect was curvilinear and tended to change less rapidly 
with a tendency to level off near the upper end of the prism. Although 
the gradient produced may not seem that large the distance over which 
diffusion occurred is quite remarkable. In similar experiments measur-
able refractive changes were obtained over only a few millimeters whereas 
in this experiment diffusion was over a few centimeterst 
A similar effect was found concerning the refractive index profile 
* of the prism. The index was highest near the KN03 and decreased in value 
as the distance from the salt increased. There was a difference of 0.015 
in refractive index between the base and 30mm above the base as measured 
by the radiuscope. ~Y utilizing equation 2 the validity of this last 
value can be checked. 
The angle of deviation (6 ) was obtained for F6, a reference point y 
at the center of the prism, using the laser again. The deflection of 
the laser beam was measured at 10 meters after the prism was placed in 
the path of the beam. The beam was deflected lO.Smm giving a value of 
£ = 0.00105 radians. The average index (n) between the top (L6) and y 
the bottom (A6) of -this column was determined to be 1.568 from previous 
* The l.11lrd .. prism .. has been used loosely here, see Appendix A for explanation. 
1 2 
measurements. The thickness of the medium (L) is 3.2mm as measured be-
fore, and ay is 30mm. ThereforeJ 
and, cln = & n ely! y L 
so, an= 0.00105 (1.568) (30) _!_ = 0.015 
3.2 
which compares nicely with the value obtained by the radiuscopel 
CONCLUSIONS. 
' From the work here it seems that by relatively simple means of dif-
fusion refractive index gradients of a measurable ·quantity may be pro-
duced. These gradients are large enough to produce refractive index 
changes over a rather wide area. Changes in refractive index of 0.015 
and prismatic effects of 0.22 centrads were obtained by using a common 
permanent resin, EnviroTex Polymer, and a simple salt, KN03• 
It is very likely that in the future many types of lenses such as 
aspherics, high plus and ;minus lenses, and progressive add.lens~s will 
be produced using similar processes along with more sophisticated fab-
rication procedures. 
Another important finding in this study was the practical applica-
tion of the radiuscope in measuring refractive indices. It was found 
that a radiuscope is very well suited for detecting even relatively small 
gradients as produced here. No doubt it would help measuring any refract-
tive index 'gl"'adient large enough to produce optical elements strong enough 
for practical use. 
APPENDIX A 
There may be some concern as to whether the gradient index medium 
produced here actually represents the properties of a prism. The medium 
does definitely have prismatic effects in that it does deviate the path 
of light, but then so does a lens which is decentered off its optical 
13 
axis. Since all points along the gradient index displayed a certain amount 
of deflection then the medium really does not have an optical axis and 
is not a true lens. 
Looking at fig. A we find that the gradient index produced has sim-
ilar refractive properties to that of a minus cylinder lens. If the base 
FIG. A 
of the medium were placed as in the figure then light would be deviated 
a greater amount toward the base and less at distances farther from the 
\ 
\ 
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base. Points equidistant from the base would deviate light by the same 
amount, just as in a cylindrical lens. However, strictly speaking it 
is unlike a typical cylinder lens in that the refracting surface is proba-
bly not circular but more likely parabolic or some other similar shape. 
Thus, the gradient index produced may best be compared to a minus cylinder 
lens of sorts (really only half a lens), but for simplicity sake we will 
call it a prism in this paper as it was treated as such in the measure-
ment of its optical properties. 
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